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$X$ free abelian topological group




free abelian topological group [7] $n\in \mathrm{N}$ $A_{n}(X)$
$n$ $A(X)$ (word )
$A_{0}(X)=\{0\}$ ( $0$ $A(X)$ ) $n\in \mathrm{N}$ $i_{n}$
$(X\oplus-X\oplus\{0\})^{n}$ $A_{n}(X)$ i.e. $i_{n}((x1, X_{2,\ldots,n}X))=X_{1}+x_{2}+\cdots+x_{n}$
( [1], [6], [9])
$..\mathrm{t}$
1.1. $X$
(1) $\mathcal{T}_{1}$ $X$ $A(X)$ group topology $\mathcal{T}_{1}$ $A(X)$
free topology
(2) $X$ $A_{n}(X)$ $A(X)$
(3) $A_{0}=\{g=x_{1}-y_{1}+x_{2}-y_{2}+\cdots+x_{n}-y_{n} : xi, yi\in X, n\in \mathrm{N}\}$ $A(X)$
. . , $0$ $A.(X)$ $\cup\{A_{2n}(x)\backslash A_{21}-(nX)$ :
$n\in \mathrm{N}\}$ $\cup\{A_{2+1}(nx)\backslash A_{2n}(X) : n\in \mathrm{N}\}$ disjoint sum
(4) $i_{n}$ .
(5) $n\in \mathrm{N}$ , $i_{n}^{-1}(A_{n}(x)\backslash A_{n-1}(x))$ $i_{n}$ $n!_{- to-}1$
(6) $Y$ $X$ $P$ -embedded $A(Y)$ $A(X)$
$Y$ $X$ $inclus\dot{8}onrnap.\cdot \text{ _{ }}$ $A(Y)$
$i$ . $\cdot.$ ’ $A_{n}(l^{\Gamma})$ $A_{n}(X)$
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$A(X)$ $X$ $X$ universal
uniformity $\mathrm{u}_{x}$
1.2 ([10]) $n\in \mathrm{N}$ $U\in \mathrm{u}_{x}$ $V_{n}(U)=\{x_{1}-$
$y_{1}+x_{2}-y_{2}+\cdots+x_{k}-y_{k}$ : $(x:, y_{i})\in U,$ $k\leq n\}$ . $\{V_{n}(U):U\in \mathrm{u}_{x}\}$
$0$ $A_{2n}(X)$
$n\in \mathrm{N}$ $X^{2n}$ $A_{2n}(X)$
$(x_{1}, X_{2}, \ldots, x_{n}),$ $(y_{1}, y_{2}, \ldots, y_{n})$ in $X^{n}$
$j_{n}(((x1, x2, \ldots, X)n’(y1,y2, \ldots, y_{n})))=X_{1}-y1+x2-y_{2}+\cdots+X_{n}-y_{n}$.
$j_{n}$
13. $X$ $n\in \mathrm{N}$ $A_{2n}(X)$ $E$ $0\in\overline{E}$




$X$ $n\in \mathrm{N}$ $A_{n}(X)$ tightness $H$
word $g$ $g\in\overline{H}$ $H$ $g$ – 3
(1) $k\leq n$ $g\in A_{k}(X)\backslash A_{k-1}(X)$ $g\in\overline{H\cap(A_{k}(X)\backslash Ak-1(X))}$
(2) $2k\leq n$ $k$ $g=0$ $g\in\overline{H\cap(A2k(X)\backslash A2k-1(x))}$
(3) $2m+k\leq n$ $k$ $m$ $g\in A_{k}(X)\backslash A_{k-1}(X)$
$g\in\overline{H\cap(A_{2+k}(mX)\backslash A_{2+k1}m-(X))}$
(1) 1.1 (5) $X$
$C$ $H\cap(A_{k}(X)\backslash A_{k-1}(x))$ $g\in\overline{C}$
(2) 13
– (3) ( )
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2.1. $X$ – $X^{2}$ diagonal $1\downarrow x$ (
paracompact) $m,$ $n\in \mathrm{N},$ $H\subset A_{2m+n}(x)\backslash A_{2m+n}-1(x)$
word $g\in A_{n}(X)\backslash A_{n-1}(X)$ $g\in\overline{H}$ $H$
$H_{0}$ $g\in\overline{H_{0}}$ $|H_{0}|\leq t(A_{2m}(X))$
$t(A_{2m}(X))=\tau$ $g\in A_{n}(X)\backslash A_{n-1}(X)$ $g=a_{1}+\cdots+a_{k}-$
$a_{k+1}$ –. . . $-a_{n}$ $0\leq k\leq n$ $a_{i}\in X$ $H_{1}=H-g$
$0\in\overline{H_{1}}$ 1.1 (3) $H_{0}\subset A_{0}$
$H_{1}$
$H_{1}=\{h_{\lambda}=X_{1}^{\lambda}-y^{\lambda\lambda}1+\cdots+x_{m}-ym+a_{1}-\lambda y_{m+1^{+}}\cdots+\lambda ak-ym+\lambda k$
$x_{m+k+1}^{\lambda\lambda}-ak+1+\cdots+x_{m}-+nna$ : each $x_{i}^{\lambda},$ $y_{i}^{\lambda}\in x,$ $\lambda\in\Lambda$ }.
13
$j_{m+n}^{-1}(H_{1})\cap U^{m+n}\neq\emptyset$ for each $U\in \mathrm{U}_{X}$ (1)
$P$ $\{1, 2, \ldots, m+n\}$ $\pi\in P$
$E_{\pi}=$
.
{ $x=((x_{\pi(1}), x_{\pi}(2),$ $\ldots,$ $X(m+n))\pi’(y\pi(1), y\pi(2),$ $\ldots,$ $y\pi(n+m)))\in X^{2\mathrm{t}^{m}+n)}$ : $j_{m+n}(x)\in$
$H_{1}\}$ $j_{m+n}^{-1}(H1)= \bigcup_{\pi\in P}E_{\pi}$ $P$ $\mathrm{u}_{x}$
$\mathrm{u}_{x}$
$E\cap U^{m+n}\neq\emptyset$ for each $U\in u_{x}$ , (2)
E $=\{e_{\lambda}=((x_{1},.., x_{m}, a_{1}\lambda.\lambda, , .. , a_{k}, x_{m+k}^{\lambda}+1’\ldots, x_{m+})\lambda n$
’
$(y_{1}^{\lambda}, \ldots, y_{m}^{\lambda\lambda\lambda}, ym+1’\ldots, y_{m+k}, ak+1, \ldots, a_{n}))\in X2(m+n)$ : $\lambda\in\Lambda$ }.
$B=\{b_{\lambda}=((_{X,.,X^{\lambda}}1m)\lambda.., (y1\lambda, \ldots,\lambda ym))\in X2m : \lambda\in\Lambda\}$ ,
$C=\{_{C}\lambda=((a_{1}, \ldots, a_{k}, X_{m}k+1’\ldots, x^{\lambda})\lambda+m+n$
’
$(y_{m+1}^{\lambda}, \ldots,y_{m}\lambda+k’ ka+1, \ldots, a)n)\in X^{2n}$ : $\lambda\in\Lambda$ }.
(2)
$B\cap U^{m}\neq\emptyset$ for each $U\in \mathrm{U}_{X}$ and (3)
$C\cap U^{n}\neq\emptyset$ for each $U\in u_{X}$ . (4)
$X$ (4) $i=1,$ $\ldots,$ $k$ $a_{i}\in\{y_{m+i}^{\lambda} : \lambda\in\Lambda\}$
$j=k+1,$ $\ldots,$ $n$ $a_{j}\in\overline{\{x_{m+}^{\lambda}j\cdot\lambda\in\Lambda\}}$ $D=$
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$\{d_{\lambda}=(y_{m+1}^{\lambda}, \ldots, y_{m}+k’ x\lambda\lambda m+k+1’\cdots,m+nx\lambda) : \lambda\in\Lambda\}$ $(a_{1}, \ldots, a_{n})\in\overline{D}$
$arrow$
– $X^{n}$ 1 $\{V_{S} : s\in \mathrm{N}\}$ $(a_{1}, \ldots, a_{n})$ $X^{n}$
$V_{1}=X^{n}$ $V_{s+1}\subset V_{s}$
$s\in \mathrm{N}$
$\Lambda_{s}=\{\lambda\in\Lambda : d_{\lambda}\in V_{s}\backslash V_{s+1}\},$ $B_{s}=\{b_{\lambda} : \lambda\in\Lambda_{s}\},$ $C_{s}=\{c_{\lambda} : \lambda\in\Lambda_{s}\}$
$D_{s}--\{d_{\lambda} : \lambda\in\Lambda_{s}\}$ 2
Case 1: $\mathrm{N}$ $\{t_{s} : s\in \mathrm{N}\}$ $s\in \mathrm{N}$ $U\in \mathrm{u}_{x}$
$B_{t_{s}}\cap U^{m}\neq\emptyset$




$E_{\lambda}=\{((x_{1}, \ldots, xm’ a1, \ldots, ak, x_{m+}^{\lambda}k+1’\ldots,+X_{m}^{\lambda})n$
’
$(y_{1}, \ldots, y_{m}, y^{\lambda\lambda}m+1’\ldots, y_{m}+k’ a_{k}+1, \ldots, an))\in x^{2\mathrm{t}n}m+)$ :
$((x_{1,\ldots m}, X),$ $(y1, \ldots, y_{m}))\in j_{m}-1jm(b_{\lambda})\}$
$E_{1}= \cup\{E_{\lambda} : \lambda\in\bigcup_{s=1}^{\infty}\Lambda_{S}’\}$ $|E_{1}|\leq\omega\cdot\tau=\tau$ $U\in 1t_{X}$
$E_{1}\cap U^{m+n}\neq\emptyset$ $H_{2}=j_{m+n}(E_{1})$ $H_{2}\subset H_{1}$
$0\in\overline{H_{2}}$ $|H_{2}|\leq\tau$ $H_{0}=H_{2}-g$
Case 2: $so\in \mathrm{N}$ $s\geq so$ $U\in \mathrm{u}_{x}$ $B_{s}\cap U^{m}=\emptyset$
$B_{1}= \bigcup_{s\geq S_{0}}B_{S}$
$U_{1}\in \mathrm{u}_{x}$ $B_{1}\cap U_{1}^{m}=\emptyset$
$s \geq s\bigcup_{0}E_{s^{\cap U^{m}\emptyset}}1=+n$
. (5)
- $\bigcup_{S<s}0\emptyset D_{s^{\cap V_{S}=}}$ US${}_{<s0}C_{S}\mathrm{n}U_{2}n=\emptyset$ $U_{2}\in \mathrm{u}_{X}$
$\bigcup_{s<s_{0}}E_{s}\mathrm{n}U2m+n=\emptyset$
. (6)
(5) (6) $E\cap(U_{1}\cap U_{2})^{m+}n=\emptyset$ (2)
$U\in \mathrm{u}_{x}$ $B_{1}\cap U^{m}\neq\emptyset$ 1.3
$0\in\overline{j_{m}(B_{1})}$ $0\in\overline{\{j_{m}(b_{\lambda})\cdot.\lambda\in\Lambda_{1}\}}$ $|\Lambda_{1}|\leq\tau$
$\Lambda_{1}\subset\bigcup_{s\geq s0}\Lambda s$ Case 2 $s\geq$ $s_{0}$
$0\not\in\overline{\{j_{m}(b_{\lambda})\cdot.\lambda\in\Lambda S\}}$ $\Lambda_{1}\cap\bigcup_{t\geq s}$ At $\neq\emptyset$
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$(a_{1}, \ldots, a_{n})\in\{d_{\lambda} : \lambda\in\Lambda_{1}\}$
$\lambda\in\Lambda_{1}$
$E_{\lambda}=\{((x_{1}, \ldots, x_{m’ 1}a, \ldots, ak, X\ldots, xk+1’ m+n)\lambda m+\lambda$ ,
$(y_{1}, \ldots, y_{m}, y_{m+}1’\ldots, ym+k’ ak+1, \ldots, a_{n}\lambda\lambda))\in X2(m+n)$ :
$((x_{1,\ldots m}, X),$ $(y_{1,\ldots,y_{m}))\in}j_{m}-1jm(b_{\lambda})\}$





$C_{\text{ }}=\oplus_{\alpha<\kappa}c_{\alpha}$ sequential fan $S_{\kappa}$ $C_{\kappa}$
3.1. $\kappa$ $n\in \mathrm{N}$ $t(A_{2n}(c(\kappa)))=t(S(\mathcal{K})^{n})$
$\mathrm{A}\mathrm{r}\mathrm{h}\mathrm{a}\mathrm{n}\mathrm{g}\mathrm{e}\mathrm{l}’ \mathrm{s}\mathrm{k}\mathrm{i}\mathrm{l}$ , Okunev Pestov [2] $X$
$t(A(X))\leq w(X’)$ (X’ $X$ )
32. $X$ w(X’)=\mbox{\boldmath $\kappa$} $cf(\kappa)>\omega$ $n\in \mathrm{N}$
$t(S(\kappa)^{n})=t(A_{2n}(C(\mathcal{K})))\leq t(A_{2n}(X))\leq t(A(X))\leq w(X’)=\kappa$
[2]
33. $X$ $w(X’)=$ \mbox{\boldmath $\kappa$} $cf(\kappa)>\omega$
$n\in \mathrm{N}$ $t(S(\kappa)^{n})=\kappa$ $t(A_{2n}(X))=t(A(X))=w(X’)=\kappa$
$S(\kappa)^{n}$ tightness
( :[3]) $h^{\prime=}\omega_{1}$ [5] $t(S(\omega_{1})2)=\omega_{1}$
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(b) $n\in \mathrm{N}$ $A_{n}(X)$ tightness
(c) $X’$ 2
2 $A_{3}(X)$
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